This giant pillar of gas and dust, called the Cone Nebula, resides in a turbulent star-forming region. Radiation from hot, young stars [located beyond the top of the image] has slowly eroded the nebula over millions of years. Over time, only the densest regions of the Cone will be left; inside these regions, stars and planets may form. The Advanced Camera took this picture for Surveys, which was installed aboard Hubble Space Telescope in March 2002. Such images provide critical evidence for our understanding of how stars and solar systems form.
IMPLEMENTATION -CONTINUED
Provide a serviceable, state-of-the-art, orbiting observatory to study the history of the Universe.
Study physical processes governing the evolution of galaxies; the origin and evolution of stars and planetary systems.
Study the formation of stars, galaxies and planets via spectroscopy, high-sensitivity photometry and imaging.
Study the properties of interstellar space as well as planet and star formation.
Explore the structure and diversity of planetary systems, with a special emphasis on detecting Earth-size planets in the habitable zone around other stars.
Ground-Based Mission

Keck Interferometer
Characterize exo-zodiacal dust to support TPF design; direct detection of "hot Jupiters" and brown dwarfs; astronomic detection of planets.
First Generation Missions
Detect planets outside the solar system by observing thousands of stars; serve as technological pathfinder for TPF.
Provide the next generation space telescope to observe the first stars and galaxies; determine the shape and fate of the Universe.
Second Generation Mission
Terrestrial Planet Finder (TPF)
Find/characterize Earth-like planets around nearby stars.
Link to Program Implementation Plans
Tailoring No exceptions to NPG 7120.5B have been taken.
STATUS
For more detailed status information: http://origins.jpl.nasa.gov/
PERFORMANCE MEASURES
Annual Performance Goals OUTCOME: A well managed program in accordance with Agency implementing strategies. 4ASO1 Each Development project will complete its current phase within 10% of total life-cycle cost as shown in the table below. 4ASO2 Each Research project will allocate 75% of its funding competitively during FY04. 4ASO3 ASO will complete all of its missions within 10% of their baseline schedules. 5.10.1 OUTCOME: Understand how today's Universe of galaxies, stars, and planets came to be. 4ASO4
Schedule by Fiscal Year
Successfully demonstrate progress in learning how the cosmic web of matter organized into the first stars and galaxies and how these evolved into the stars and galaxies we see today. Progress towards achieving outcomes will be validated by external review. -ASO carried out HST Servicing Mission 3B, including installation of Advanced Camera for Surveys (ACS), new solar arrays, Power Control Unit (PCU), and cryocooler for the Near Infrared Camera and Multi-Object Spectrometer (NICMOS).
-ASO accepted delivery of SOFIA's German-made telescope.
-SIRTF cryogenic telescope assembly delivered for integration into spacecraft.
SAE 4-3 THEME: Astronomical Search for Origins (ASO)
Annual Performance Goals -Continued Provide opportunities for students to work directly with NASA space science missions, facilities, and data.
Successfully demonstrate progress in finding out how common Earth-like planets are and seeing if any might be habitable. Progress towards achieving outcomes will be validated by external review.
Successfully demonstrate progress in developing the tools and techniques to search for life on planets beyond our solar system. Progress towards achieving outcomes will be validated by external review.
Successfully demonstrate progress in tracing the chemical pathways by which simple molecules and dust evolve into the organic molecules important for life. Progress towards achieving outcomes will be validated by external review.
Successfully demonstrate progress in characterizing the giant planets orbiting other stars. Progress towards achieving outcomes will be validated by external review.
Provide materials and technical expertise to support the development of exhibits and programs at science museums and planetariums.
Provide exhibits, materials, workshops, and personnel at national and/or regional education and outreach conferences. OUTCOME: More students prepared to enter the STEM workforce.
Seek out and capitalize on special events and particularly promising opportunities in the Theme science program to bring space science to and involve the public in the process of scientific discovery. OUTCOME: Improve the capacity of science centers, museums, and other institutions, through the development of partnerships, to translate and deliver engaging NASA content.
Provide education opportunities offered through OSS research awards and other NASA research and education programs.
Through partnerships with major science museums or planetariums, put on display or on tour major exhibitions or planetarium shows based on Theme content. Demonstrate progress in understanding how different galactic ecosystems of stars and gas formed and which ones might support the existence of planets and life. Progress towards achieving outcomes will be validated by external review. OUTCOME: Engage the public in NASA missions and discoveries through such avenues as public programs, community outreach, mass media, and the Internet. OUTCOME: Learn how stars and planetary systems form and evolve. OUTCOME: More students from diverse communities motivated to pursue careers in STEM.
Provide high quality educational materials and teacher training based on Theme content and focused on national curriculum standards.
Successfully demonstrate progress in learning how gas and dust become stars and planets. Progress towards achieving outcomes will be validated by external review. Successfully demonstrate progress in observing planetary systems around other stars and comparing their architectures and evolution with our own. Progress towards achieving outcomes will be validated by external review. OUTCOME: Kindergarten through graduate students will be more proficient in science, technology, engineering, and mathematics (STEM).
OUTCOME: Improve quality of STEM instruction.
Provide new opportunities for participation in the space science program by an increasingly diverse population, including opportunities for minorities and minority universities to compete for and participate in space science missions, research, and education programs. . COS will allow Hubble to observe high-energy activities at near-and midultraviolet wavelengths, such as those found in hot new stars and Quasi stellar objects (quasars). WFC3 will employ the latest charge-coupled device (CCD) technology to extend imaging capability through 2010. In addition to these new instruments, support continues for routine servicing activities, including development of replacement batteries, gyros, and an aft shroud cooling system. Modification and upkeep of ground operations systems, as well as mission development for the telescope's eventual retrieval, are also ongoing.
SAE 4-4
INDEPENDENT REVIEWS
Since 1990, the Hubble Space Telescope has used its pointing precision, powerful optics and state-of-the-art instruments to explore the visible, ultraviolet and near-infrared regions of the electromagnetic spectrum. With the addition of new instruments currently under development for Servicing Mission 4, Hubble will continue to investigate the formation, structure and evolution of stars and galaxies, studying the history of the universe, and providing a spacebased research facility for optical astronomy. HST has already rewritten the textbooks of astronomy, and is expected to do so until decommissioned.
SAE 4-7 80 % of visible wavelength encircled energy, from a point source within a 1.5 arcsecond diameter at the focal plane.
Operate in observing configuration for 6 hours or more at altitudes of at least 41,000 feet. Provide 960 research hours per year beginning in the third year of operation.
SOFIA will be an astronomical observatory consisting of a 2.5m aperture telescope permanently installed in a specially modified Boeing 747 aircraft. The aircraft, with its open-port telescope provided through a partnership with the German Aerospace Center (DLR), will provide routine access to nearly all of the visual, infrared, far-infrared, and submillimeter parts of the spectrum. It will operate from Moffett Federal Airfield in Northern California as well as from deployment sites in the Southern Hemisphere and elsewhere, as dictated by its astronomical targets. With its ground basing , the observatory will be able to incorporate, via a peer-review process, new or upgraded instruments over its lifetime. This will allow additional science and the testing and introduction of cutting edge technologies. Most of the instruments will be designed and built by graduate students and postdoctoral scientists, led by an experienced Principal Investigator, in universities throughout the United States. SOFIA will serve as a training ground for the next generations of instrument builders well into the 21st century, while producing new instrumentation important to NASA's future space observatories. SOFIA will have an active Education & Public Outreach Program, which will include flying educators along with astronomers.
The SOFIA program extends the range of astrophysical observations significantly beyond that of previous infrared airborne observatories through increases in sensitivity and angular resolution. SOFIA will be used to study many different kinds of astronomical objects and phenomena, including: star birth and death; solar system formation; complex molecules in space; planets, comets, and asteroids in our solar system; nebulae and dust in galaxies; and black holes at the centers of galaxies.
SAE 4-9 Consisting of a 0.85-meter telescope and three cryogenically-cooled science instruments, SIRTF will be the largest infrared telescope ever launched into space. SIRTF will obtain images and spectra by detecting the infrared energy, or heat, radiated by objects in space. Most of this infrared radiation is blocked by the Earth's atmosphere and cannot be observed from the ground. Because infrared is primarily heat radiation, the telescope must be cooled to near-absolute zero (-459 degrees Fahrenheit or -273 degrees Celsius) so that it can observe infrared signals from space without interference from the telescope's own heat. Also, the telescope must be protected from the heat of the Sun and the infrared radiation emitted by the Earth. To do this, SIRTF will carry a solar shield and will be launched into an Earthtrailing solar orbit. SIRTF is the final mission in NASA's Great Observatories Program, following the Hubble Space Telescope, Compton Gamma Ray Observatory, and Chandra X-ray Observatory. SIRTF will explore the nature of the cosmos through the unique windows available in the infrared portion of the electromagnetic spectrum. These windows allow investigators to explore: -The cold Universe by viewing heat radiation from objects that are too cool to radiate at optical and ultraviolet wavelengths; -The hidden Universe by penetrating into dusty regions which are too opaque for exploration in the other spectral bands; -The distant Universe by virtue of the cosmic expansion, which shifts the ultraviolet and visible radiation from distant sources into the infrared.
SAE 4-11 The Kepler spacecraft will be launched into an Earth-trailing, heliocentric orbit similar to that of SIRTF. Following a 30-day period during which the photometer and spacecraft are characterized, Kepler begins acquiring its scientific data. It is expected that "hot Jupiters" (giant gas planets) in short period orbits will be identified after the first month of observation. During the first year, terrestrial planets with orbital periods shorter than that of Mercury --as well as a wide range of larger planets with similar periods --should be detected. Finally, the anticipated identification of Earthsize planets in the habitable zones of other star systems will begin during the third year of the Kepler mission.
The scientific goal of the Kepler mission is to explore the structure and diversity of planetary systems, with a special emphasis on detecting Earth-size planets in the habitable zones around other stars. The Kepler mission's specific objectives include: (1) determine the frequency of terrestrial and larger planets in or near the habitable zones of a wide variety of spectral types of stars; (2) determine the distribution of planet sizes and their orbital semi-major axes (half the longest diameter of the orbit); (3) estimate the frequency and orbital distribution of planets in multiple-stellar systems; and (4) determine the distributions of semi-major axis, albedo, size, mass, and density of short-period giant planets. The Kepler mission will continuously and simultaneously observe over 100,000 target stars.
SAE 4-13 
OPERATIONS
Performance Measures http://sirtf.caltech.edu ASO Operations currently supports the Hubble Space Telescope (HST) and the Far Ultraviolet Spectroscopic Explorer (FUSE). HST provides a serviceable, state-of-the-art, orbiting observatory to study the history of the Universe. FUSE studies physical processes governing the evolution of galaxies, as well as the origin and evolution of stars and planetary systems. The Space Infrared Telescope Facility is planned for launch in spring 2003, and will study the formation of stars, galaxies and planets via spectroscopy, high-sensitivity photometry and imaging.
Maximize the scientific return from NASA's investment in spacecraft and other data collection sources by efficiently and reliably operating the data-collecting hardware that enables scientific discoveries.
SAE 4-15 THEME:
Astronomical Search for Origins (ASO) 10, 5.11, 5.12, 6.1, 6.2, 6.3, 6.4, 7.1, 7 JWST promises to expand upon the legacy of the Hubble Space Telescope, focusing on previously unobserved periods in the development of the Universe (one million to several billion years old). Projects comprising the Navigator Program (including the Space Interferometry Mission, the Terrestrial Planet Finder, and the Keck Interferometer) will seek to detect and characterize Earth-like planets, understand the formation and distribution of planetary systems in our galaxy, and contribute to understanding the formation and evolution of stars, planets and galaxies. For example, by observing thousands of stars, SIM will detect planets through high-resolution and starlight nulling imagery, and serve as a science and technological pathfinder for TPF.
OPERATIONS ACQUISITION STRATEGY & PERFORMING ORGANIZATIONS
The ASO Technology and Advanced Concepts program includes future missions in formulation, and the development of advanced technologies needed for specific science missions. This process begins with mission studies -the first phase of flight program development. In this phase, scientists work collaboratively with technologists and mission designers to develop the most effective alignment of technology development programs with future mission requirements. This collaboration enables intelligent technology investment decisions through detailed analysis of the trade-offs between design considerations and cost. In ASO, future missions will seek to detect and characterize distant planetary bodies around other stars, probe ever farther into the deepest reaches of space with increasing resolution, and bring us new understanding of the nature of matter and energy. Technologies critical to the success of these missions include interferometry, high performance sensors, lightweight large-aperture reflectors, cryocoolers for infrared detectors, and autonomous information technology.
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